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Abstract 


NBSNET is a local area communications network at the National Bureau of 
Standards. Ethernet-like in its design, it has operated successfully since 
1979, supporting terminal-computer and computer-computer communications. 
Devices physically connect to NBSNET through RS-232-C interfaces; each being 
customized to the device being served. Over 600 physical connections 
currently are in use. Customization primarily involves modifying the control 
program, called a “personality”, for each interface. Each personality is 
divided into modules which implement, among other things, the network's 
internal protocol and the external device communications protocol. Three 
external device protocols are used. A listing of the network protocol 
software and some typical personality modules is supplied. 
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Introductica 


HISTORY. The National Bureau of Standards is a Federal Government research 
facility with branches in Gaithersburg, Maryland, and Boulder, Colorado. In 
1976 the Institute for Computer Sciences and Technology began designing for 
NBS a local area communications network called NBSNET. It became operational 
in 1979 and is now supported by the Network Support Group of the Scientific 
Computing Division. The system is similar to Ethernet in that it transfers 
data packets over coaxial cables using the Carrier-Sense Multiple-Access 
medium access method with Collision Detection (CSMA/CD). The tranmission rate 
over the coaxial cables, however, is one megabit/second. 


CABLE TOPOLOGY. In Gaithersburg, NBSNET covers many acres and serves 18 
buildings. In Boulder, six buildings are served. The two local segments, 
together consisting of over 600 nodes, are connected by a leased telephone 
line operating at 9600 bits per second. Another telephone link extends from 
the Boulder facility to Colorado State University at Ft. Collins. An optical 
link connects the Joint Institute for Laboratory Astrophysics, University of 
Colorado, with the Boulder branch of NBSNET. 


Hardware Configuration 


USER BOARDS. Users connect to the network through RS-232-C interfaces called 
User Boards. One User Board is required per physical connection. User Boards 
contain the network operation software, which uses the internal network 
protocol to direct the communication between two User Boards. The software 
also assembles network packets with the data received from the user, and 
disassembles network data packets and passes the data to the user. User 
“control of the network software is accomplished by command messages, 
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NETWORK BOARDS AND TAPS. A Network Board acts as an interface between the TAP 
and up to eight User Boards. When a User Board has a packet for transmission, 
it notifies the Network Board. The Network Board determines if the network is 
idle, and if so, begins encoding data and sending it to the TAP. The TAP 
provides an electrical connection to the coaxial cable without disturbing its 
transmission characteristics. 


CUSTOMIZATION. Each User Board in NBSNET is customized for the device to 
which it is connected. Customization is accomplished through hardware 
strapping and the creation of a “personality” by modification of the User 
Board's software. The existence of personalities permits a more complete 
adaptation of the network interface to the user's equipment. This allows 
equipment to operate at a level closer to its full potential than could be 
accomplished with a standard interface. 


Software Functions 


PERSONALITIES. Three general types of personalities are available. One is 
for terminals; two are for computers. The personalities in general provide 
programmable options such as the ability to map characters into other, 
predefined characters, and the ability to control the flow of data between the 
user and the network when either side is temporarily unable to accept it. 


TERMINALS. Terminal personalities operate in two modes; normal mode and 
command mode. In normal mode, the User Board accepts characters as 
information to be transmitted over the network. Command mode enables the user 
to communicate with the User Board to make or break connections, to determine 
the status of his connection, or to alter through the User Board's software 
the personality of his network node. 


COMPUTERS. Computer personalities are divided into terminal emulation and 
data integrity checking types. Terminal emulation computer personalities 
implement a simple link level protocol which passes characters between the 
computer and the User Board. A program is required in the computer to interact 
with the user to obtain the necessary information required by the computer to 
perform network transactions. 


A data integrity checking personality provides functions beyond the terminal 
emulation type through the implementation of a more specialized link protocol. 
This protocol affects communication only between the computer and the User 
Board, and uses a modified HDLC protocol for error detection. Since internal 
network error dectection is guaranteed, the addition of this personality 
provides end-to-end error detection, along with the expected facilities for 
circuit establishment and maintenance. A program is required in the computer 
to perform the necessary interactive functions for the data integrity checking 
personality to operate properly. 


Software Organization 


MODULES. The structure of the User Board software reflects the major 
responsibilities of interfacing devices to NBSNET. The software is divided 
into five major modules: 


a) User Read 

b) User Write 

c) Network Read 
d) Network Write 
e) Scheduler 


SCHEDULER. The User Board software operates without interrupts. The various 
tasks to be performed are scheduled to be run at appropriate times by the 
Scheduler module. Modules are scheduled in round-robin fashion and are only 
scheduled to run when necessary. Read modules are always scheduled since there 
are no interrupts and all incoming data must be read. Write modules are 
scheduled only when data is available to send. Also, various other support 
functions (such as timer control) are performed in the scheduler. 


NETWORK MODULES. The network side of the software (Net Read and Net Write) 
performs the various protocol functions to establish, control, and maintain 
virtual circuits on the network. This includes establishment of connections, 
sending all packets, sequencing packet numbers, verifying acknowledgements, 
etc. Data buffers and various control functions (such as interrupt and flow 
control) are communicated to the user side in this module. 


In the past, some of the interactions with the user side of the software have 
been personalized for the user device. This practice has been halted and a 
Standard interface is being created between the network and user sides. 


USER MODULES. The user side of the software (User Read and User Write) sends 
data to and receives data from the user's device, and communicates the various 
control functions such as interrupt, connection established, connection 
broken, etc. Since these modules are tailored for specific devices, they are 
the portion of the software which distinguishes one personality from another. 
For instance, a terminal personality will normally send and receive data 
asynchronously, with the control messages between the User Board and the user 
being in human readable form. But with a data integrity checking personality, 
the data being transferred between the computer and its User Board are 
enclosed in an HDLC I-frame, with the control messages being part of either 
the HDLC or network level protocols. 


Listings 


The following listings represent the modules assembled to produce a simple 
User Board personality. The language used is a variation of 6502 
microprocessor assembly language, and is available from NBS. Not all of the 
modules available for generating personalities are represented. These modules 
give an indication of what is involved in producing a personality. The 
listings are subject to change because the personality software is continually 
undergoing revision. For further information contact the NBSNET Support 
Group, Scientific Computing Division, Center for Applied Mathematics, National 
Engineering Laboratory, National Bureau of Standards, Gaithersburg, MD 20899. 


Note 


Much of the basic design of the User Board software was the work of Brian G. 
Lucas. 
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FEDERAL INFORMATION PROCESSING STANDARD SOFTWARE SUMMARY 


02. Summary prepared by (Name and Phone) 03. Summary action 


01. Summary date 
Yr. | Mo. | Day Robert Crosson, (301) 921-2562 New Replacement Deletion 
840 6 Il 05. Software title XX] Ea oO 
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04. Software date 
._| Mo. | Day a 
suabdeodt 07. Internal Software ID 
06. Short title netsoft #1 
08. Software type 09. Processing mode 10. Application area 
+ General Specific 
Automated Data Computer Systems Management/ | 
{_] System &] Interactive [_] Support/Utility [_] Business Local area network control 
Computer Program Cl es fe en te ni C] eae Control program 
+ brouti Modul inati ibliographic/Textua er 
a Subroutine/ ule | i ombination il grap’ pa - 
12. Technical contact(s) and phone 


| 11. Submitting organization and address 


| Network Support Group 
Scientific Computing Division 
National Bureau of Standards 
Gaithersburg, MD 20899 


Sheryl Schooley (301) 921-2145 
Robert Crosson (301) 921-2562 


13. Narrative 


This program controls the operation of a local area network (NBSNET) node. It 


is a stand-alone program running on a 6502 microprocessor, which controls 
virtual circuit management over the network. 


Fe a 
14. Keywords 


communications ;computer ;LAN;NBSNET ;network;protocol 


15. Computer manuf’r and model | 16. Computer operating system 17. Programing language(s) | 18. Number of source program state 
ments 


Mostek 6502 micropro. none 6502 Assembly Lang. | 4874 
| 


20. Tape drives 21. Disk/Drum units | 22. Terminals 


19. Computer memory requirements 


4096 bytes 


none none | one 


23. Other operational requirements 


NBSNET Terminal Interface Equipment 


24. Software availability 25. Documentation availability 


Available Limited In-house only | Available Inadequate In-house only 
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